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Dielectric mediums with large concentration
of metallic nanoparticles have attracted much at
tention recently due to to the increasing interes
in the left-handed materialsl]. The propaga-
tion of electromagnetic pulse in such media con{
taining metallic nanoparticles is described by thg
Maxwell-Duffing equations (MDE). These equa-
tions are non-integrable however they have soli
tary wave solutions which possess many proper
ties of the solitons which are observed in the inte;
grable equations such as Nonlinear Schroedinge
equation (NLSE) or Korteveg-De-Vries (KdV)
equation. The stability properties are the mos
striking difference between the solitary waves
in MDE and the well-studied solitons in NLSE
and KdV. It was observed numerically that the
solitary waves in the MDE show semistable be-
haviour. The dynamics of the solitary wave cru-
cially depends on the sign of the initial perturba-
tion. The solitary wave survives when the pertur-
bation has one sign and it totally breaks down fof
the other sign. Such behaviour is property of non
integrable equations and was not observed in an
known integrable models. Analytical description
of such semistability is the main aim of this work.

The Maxwell-Duffing equations can be written
in the form

iEx: Qa (1)
iQi+3Q+|Q*Q=E, (2)

whereE andQ are the slow varying envelopes of
the electromagnetic field and plasmonic oscilla
tor displacement. One can find the explicit ex-
pression for the moving solitary wav@(t,x) =
Qsol(X— Vt), however it is too bulky for this text.
In order to study the stability properties of this so-

lution one should analyze the equations which def

scribe the dynamics of the small perturbation ove
the solitary wave. Parametrizing the perturbation

1

by the two fieldsu, v, such thaQ = Qgo + U+ v,

one finds that in linear approximation the spinor

Y= < \lj ) obeys the following equation:

iop = Ly, (3)

whereL is some non-self-adjoint operator which
depends on the solitary wave solutions. The simi-
lar operators in the other non-integrable equations
possess some non-trivial eigenfunctions such as
localized internal mode<’] or even linearly un-
stable modesd. Simple analysis shows that
if any mode of this type exists in our problem
the second order interaction between the soli-
tary wave and the localized mode can lead to the
semistable behaviour where the long-time solitary
wave dynamics crucially depends on the sign of
the initial perturbation. Unfortunately the spec-
trum of thel operator can be hardly found ana-
lytically and thus it is a problem a future work to
study it numerically.
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